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Introduction 

The ex vivo expansion of hematopoietic stem cells (HSC), Mesenchymal stem 
cells (MSC) and endothelial progenitor cells (EPC) are among the most challenging 
fields in cellular biotechnology. This is a rapidly growing area of tissue engineering 
with many potential applications in bone marrow transplantation, transfusion 
medicine, regenerative medicine or gene therapy. Over the last few years much 
progress has been made in understanding HSC, MSC, or EPC differentiation, 
discovery of cytokines, isolation and identification of cellular subtypes and in the 
development of a variety of bioreactor and supporting scaffolds concepts. All this has 
led to a number of (preliminary) clinical trials that gave a hint of the benefits that can 
be obtained from the use of expanded hematopoietic cells (Hoffman et al. 1993; 
Wagner 1993; Andrews et al. 1994; Purdy et al. 1995; Gehling et al. 1997; Bachier et 
al. 1999; Chabannon et al. 1999a; McNiece et al. 1999; Nielsen 1999; McNiece et al. 
2000a; McNiece and Briddell 2001; Noll et al. 2002; Wolff 2002) MSC (Knutsen et 
al. 1998; Vilquin et al. 2002) or EPC (Chachques et al. 2002; Menasche 2002; 
Murohara 2003) in cellular therapy . Moreover, as the understanding of the 
complexity and the functionality of HSC, MSC or EPC transplantations in either 
clinical trials or in vivo animal models grows, it becomes obvious that the number and 
quality of cells transplanted per body volume/weight is crucial. Higher number of 
cells results with better therapeutic outcome (Bensinger et al. 1996b; Chown et al. 
1996; Shizuru et al. 1996; Chabannon et al. 1999b; Barker and Wagner 2002; 
Jaroscak et al. 2003a). Cord bloods were found as a reach source for HSC 
transplantation but the low number of HSC cells collected in each cord blood unit 
limit their common use to children and adolescents weighing under 40Kg because of 
the need for at least 2xl0 7 leukocytes per Kg. for better transplantation (Kurtzberg et 
al. 1996; Wagner et al. 1996; Kapelushnik et al. 1998; Shpall et al. 2000; Jaroscak et 
al. 2003a). On the other hand, more purified populations affect the success of 
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transplantation (Bensinger et al. 1996a; Negrin et al. 2000; Richel et al. 2000; 
Laughlin et al. 2001). The facts indicated above clearly demonstrate why highly 
sophisticated cultivation techniques and bioreactor concepts are needed to improve 
survival and efficacy of cellular therapy applications. Furthermore, in order to use 
cells in clinical trials and as biopharmaceutical product, there is a need to control the 
culturing conditions as much as possible. Such conditions can be only obtained in 
different types of bioreactors in which the cells are protected from the external 
surrounding and as much of their conditions are controlled. 

Parameters for Cultivation of Stem Progenitor Cells in Bioreactors 
The intricate regulation governing the growth and differentiation of HSC, MSC 
or EPC is controlled both' by the cellular microenvironment (epigenetic signals and 
development) as well as genetic factors (genetic development). When cultivating cells 
in vitro, it is essential to carefully consider the importance of chemical and physical 
variables such as composition of growth media, oxygen concentration, pH levels, and 
osmolarity, as well as the specific design and operation of the vessel in which the 
culture is to be maintained. It is even further important when attempting to culture 
cells, such as stem and progenitor cells that are at the beginning of their ontogenetic 
development, as these cells can be very sensitive to many signals such as paracrine and 
autocrine signals, contact signals and levels of Oxygen, carbonate, glucose and other 
nutrients. 

In the following we summarize key issues to be considered while utilizing 
bioreactors and scaffolds in combination with Gamida Cell's technologies for ex vivo 
expansion of stem and or progenitor cells with lesser extent of differentiation. These 
culturing techniques are of the static, stirred and immobilized as previously explained. 

Bioreactors. 

A bioreactor is a generalizing name that essentially covers any kind of vessel 
that is capable of incubating cells while protecting the cells' environment at least at 
some level It can be a static vessel such as a flask or culture bag in which the 
variables (such as composition of growth media, oxygen concentration, pH levels, and 
osmolarity) are not fully controlled and detected. On the other hand stand the fully 
automated electromechanical state of the art bioreactors in which all the variables are 
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controllable and detected. Many inter-combinations between those extremes are 
commonly used in cellular biotechnology. 

Three different traditional approaches for the cultivation of isolated 
hematopoietic stem or progenitor cells have been described in the literature, the static, 
the stirred and the immobilized culture. Static cultivation takes place in very simple 
culture systems like well plates, tissue-culture flasks or gas-permeable culture bags 
(Brugger et al. 1995; Alcorn et al. 1996). As the first two systems do not allow cell 
cultivation on a clinical scale, the latter is actually the most often used technique for 
stem cell expansion (Purdy et al. 1995; McNiece et al. 1999; McNiece et al. 2000a). 
All these systems have the advantage of being easy to handle, single-use devices, 
which enable an uncomplicated cell harvest. But with all of them the possibility for 
process control is only what can be maintained in the incubator and there is no 
possible of continuous feeding. This causes variations in culture conditions during 
cultivation (e.g., oxygen tension, pH, substrate, metabolite and cytokine 
concentrations). 

Stirred bioreactors are common in animal cell culture, as they offer a 
homogenous environment, representative sampling, better access to process control 
and an increased oxygen transfer. Several of these techniques (spinner flasks and 
stirred vessel bioreactors) have been tested successfully for the cultivation of 
hematopoietic cells (Zandstra et al. 1994; Collins et al. 1998a; Collins et al. 1998b; 
Noll etal. 2002). 

The immobilization of stem and progenitor cells is an attempt to reach local 
high cell densities and to imitate the three-dimensional structure of the bone marrow 
without the use of stroma. A number of porous microcarriers with and without 
additional coating of components of an extra-cellular matrix hydrogel (e.g., collagen, 
fibronectin, laminin) have been investigated for this purpose. Bagley et al. compared 
different porous materials and described a greater than sixfold expansion of colony 
forming cells in a long-term cultivation of CD34+ cells in tantalum-coated porous 
carriers, even without adding exogenous cytokines (Bagley et al. 1999). However, 
stem cell immobilization, especially in porous materials, requires a technique and time 
for detaching the cells from the matrix prior to transplantation, a significant 
disadvantage compared to suspension culture. 
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Hollow fiber modules and the micro-encapsulation of progenitor cells have 
been used in hematopoietic culture with less success (Sardonini and Wu 1993). 
Furthermore, these approaches do not fit the clinical requirements, as the harvest of 
the cells is almost always impossible. 

The most ambitious technique for stem cell expansion to date is the Aastrom- 
Repiicell system (Aastrom Biosciences Inc., Ann Arbor, MI, USA), which is an 
automated clinical system for the onsite expansion of stem cells in cancer therapy. 

It consists of a grooved perfusion chamber for the retention of the 
hematopoietic cells, with the medium flow perpendicular to the channel grooves 
resulting in a continuous supply of fresh nutrients while metabolites are 
simultaneously removed (Sandstrom et al. 1995; Roller et al. 1998). This technique 
has already been used in a number of clinical studies (Chabannon et al. 1999a; 
Chabannon et al. 1999b).No incompatibility of the expanded cells was found, but the 
expansion of the early progenitor cells was rather low (Chabannon et al. 1999a; 
Jaroscak et al. 2003a). 

Local high cell densities, as they are realized in the pores of microcarriers or in 
the grooves of the Aastrom Replicell, have been described to make bone marrow 
MNC essentially stroma-independent in terms of long term cell maintenance and 
expansion (Koller et al. 1998). This migjit also be the reason for the good expansion 
of progenitors in the culture bags, where the cells accumulate in the wrinkles of the 
bag and reach local high cell densities (Purdy et al. 1995; McNiece et al. 1999; 
McNiece et al. 2000a). 

The following is a summary of the different bioreactors and hydrogel scaffolds 
that can be utilized in relation to this invention. 

Static Bioreactors: Culture VueLife® FEP Teflon bags (American Fluoroseal 
Corporation, Gaithersburg, MD) are a good example of the static bioreactor. The cells 
are cultured within the culture bag that is incubated in an incubator that keeps its 
temperature, humidity, CO2 levels and other essential parameters. This very basic 
bioreactor was used many time for large production of hematopoietic stem cells 
(Briddell et al. 1997; Laluppa et al. 1997; McNiece et al. 2000b). 

Stirred Bioreactors (spinner flask): More advanced dynamic 
electromechanical bioreactors have additional features. The spinner flask (bottle) is 
the basic fluid-dynamic cultivation vessel we use. It is an agitated flask (bottle) 
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usually running at 50 rpm (Carrier et al. 1999). The cell constructs (or suspension), in 
these vessels are subjected to turbulent mixed media that provides a well-mixed 
environment around the cells and thus minimize the stagnant layer at their surface. 
These spinner flasks are commonty maintained in an incubator that provides their 
essential physical conditions (Carrier et al. 1999). 

Stirred Bioreactors (Perfused bioreactors) :1n addition to spinner flasks more 
advanced perfusion bioreactors would be utilized. Basically the "perfusion 
bioreactors" can be classified roughly into two groups based on their feeding 
procedure. While one type is fed continuously the other is fed in pulses. 

Bioreactor Materials. Sensitivity to constructing material is unrelated to 
whether cells are anchorage-dependent or not, with material upkeep (sterilization, 
cleaning, and multiple using) significantly affecting culture survival (Laluppa et al. 
1997). This indicates that rather than an essential role for cell-surface interactions, 
bioreactor materials may affect the culture by percolating toxins or binding essential 
media factors. This was highlighted by the finding that a small silicon seal inside the 
agitator shaft of a spinner flask may impair the ability of the culture to grow in 
suspension (Saidonini and Wu 1993; Zandstra et al. 1994). 

Scaffold Bioreactors. Recent attention has focused on the culturing of 
dissociated tissues in three-dimensional polymeric scaffolds, providing the initial 
support required for tissue organization and matrix construction. The building matter 
for such as scaffold would ideally be of sponge-like, biodegradable, porous 
composition, and support future clinical uses such as transplantation. To support this 
function, the scaffold has to be able to support vascularization. The morphology of the 
scaffold can vary greatly according to pore size, pore wall thickness, elasticity, and 
building material. Such scaffolds have been described as able to support 
cardiomyocyte viability (Dar et al. 2002), as well as hematopoietic progenitor cell 
survival (Banu et al. 2001). 

Hydrogel scaffolds: For cells to survive well and proliferate within a scaffold 
an aqueous environment should be maintained. Such an environment is achieved in 
polymers (mainly polypeptides, polysaccharides or a combination of the two) that 
form hydrogels. Several types of hydrogels that portray different characteristics such 
as porosity, cell-hydrogel interactions and degradation properties are used in this 
study. The hydrogels and other scaffolds maybe used for: A. to support 3D structures 



within the bioreactors and by that providing the cells with better expanding 
conditions. B. As an encapsulated survival environment for cells to be transplanted in 
vivo into animal models and later into patients. In the latter scenario the scaffold can 
be regarded as a bioreactor or the incubating vehicle within the bioreactor (the whole 
animal). Roughly, the scaffolds used for ex vivo expansion of cells and for tissue 
engineering can be divided into two groups: Synthetic polymers and Natural 
polymers. Synthetic polymers provide a precise control of physical properties such as 
molecular weight, 3D structure, degradation time, mechanical strength and flexibility 
and hydrophobicity. As said the invention can utilize any given hydrogel as long it is 
suitable for the survival of cells. Among these hydrogels are many types of Synthetic 
polymers like Polyhydroxyalkanoate, poly 4 hydroxybutirate (P4HB), polygluconic 
acid (PGA), poly lactate (PLA) and other combinations of these polyesters or other 
synthetic hydrogels. Other hydrogels, the natural occurring polymers, mainly fibrin 
based, alginate, collagen, fibronectin, agarose, pullulan, dextran sulfate, hyaluronic 
acid and other natural hydrogels. The different hydrogels for applications of 
production in bioreactors and other regenerative medicine applications are excellently 
summarized in tables 1 A and IB page 63 in Hoffinan 2001. 

Growth Media Ingredients: In the bone marrow, cytokines are produced 
predominantly from stromal cells (Linenberger et aL 1995; Lisovsky et al. 1996; 
Guerriero et al. 1997), although accessory and hematopoietic cells themselves have 
also been shown to secrete growth factors (even such as Stem Cell Factor SCF, 
Linenberger et al. 1995). Cytokines affect chiefly all processes of hematopoiesis, like 
proliferation, differentiation, adhesion and functionalities of the cells, while, in the 
absence of cytokines, HSC probably suffer from programmed cell death, apoptosis 
(Cotter et al. 1994). The effects of hematopoietic cytokines are very complex and 
show both synergistic as well as antagonistic interactions. Changes in the cytokine 
concentrations during cultivation can cause significant changes in the proliferation 
and the differentiation of the cells. Therefore, the control of cytokine composition is 
an extremely important element of the bioprocess strategy. For the expansion of stem 
and progenitor cells, interleukin 6 (IL-6), stem cell factor (SCF), thrombopoietin 
(TPO) and flt3 ligand (FLt3) are thought to play major roles and are mostly used in 
the expansion of hematopoietic stem and progenitor cells (Piacibello et al. 1997; 
Murray et al. 1999; Ramsfiell et al. 1999). 
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The number of cytokines known to influence hematopoiesis is steadily 
growing but there are still growth factors in the stromal environment to be identified. 
This has been proven by the additional growth-supportive effects of stroma- 
conditioned medium on the proliferation of hematopoietic stem cells. 

The choice of the culture medium, especially the use of serum, directly 
influences the differentiation of the ceils and therefore the aims of cultivating HSC, 
MSC or EPC should be considered when determining the medium to be used 
(McAdams et al. 1996a). For example, serum normally contains TGF-6, which is 
known to inhibit the erythroid and megakaryocyte lineage, therefore promoting the 
granulocytic and macrophage differentiation (Dybedal and Jacobsen 1995). In stroma- 
containing culture, serum strengthens the adhesion of the cells and stabilizes the 
feeder layer. A further aspect which has to be considered in the use of animal serum 
(e.g., fetal bovine or horse) is the clinical applicability, as media containing 
components from animal sera will face more regulatory hurdles than serum-free 
compositions (Sandstrom et al. 1996). 

Because hematopoiesis in the bone marrow takes place under static conditions 
(McAdams et al. 1996a), with a continuous feed of nutrients and a simultaneous 
removal of waste products, several feeding strategies have been developed in the 
cultivation of hematopoietic cells. 

Growth Media Feeding. Various methods have been employed for feeding 
cultures, ranging from feeding of cells cultured in culture bags once weekly or even 
less (McNiece et al. 2000b; McNiece and Briddell 2001; McNiece 2001) to half- 
medium exchange per week (in one feeding paradigm), to complete daily medium 
exchange in another scheme (Schwartz et al. 1991). Although continual feeding of 
fresh medium is theoretically beneficial for removal of waste products that may be 
growth-inhibitory (e.g., lactate, Patel et al. 2000), it could potentially eliminate key 
autocrine signals that may be important for self-regulating expansion signals emitted 
by the stem cell population, as well as prove costly if feeding relies on a continual 
supply of a costly additive. 

Oxygen Tension. The role of oxygen tension in best illustrated in the direction 
of hematopoietic differentiation (McAdams et al. 1996a; McAdams et al. 1996b). 
Low oxygen concentrations promote proliferation of colony-forming cells, perhaps by 
augmenting the effects of growth factors such as Epo while lessening oxidative 
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damage. Modulation of oxygen levels thus pose a serious challenge to cell culture 
efforts due to the combined necessity of accurate measurement as well as oxygen flow 
control. Low oxygen concentration (hypoxia) was recently found to favor renewal and 
proliferation of hematopoietic stem cells (Danet et al. 2003) 

pH. Local pH conditions vary with respect to different cell lineages. Low pH 
levels (<6.7) do not allow any hematopoietic proliferation, with erythroid 
differentiation specifically requiring a minimal level of pH 7.1. Optimal pH levels 
were found to be 7.2-7.4 for proliferation of GM-CSF, and 7.6 for erythroid cells 
(McAdams et al. 1996a). The pH can have a further impact on growth and 
proliferation of stem/progenitor cells as it is corresponding closely to internal calcium 
concentrations that are essential for proper development 

Osmolality. An optimal range for culturing of MNC and CD34+ cells was 
recently described between 0.31 and 0.32 mOsmol/kg (Noll et al. 2002). The CD34+ 
population shows extreme sensitivity to osmolality (beyond the linear effects seen on 
the MNC). In addition, Osmolality, like pH, can be an efficient modulator of lineage- 
specific differentiation, as progenitors of granulocytic and macrophages peak at 
hypotonic osmolalities (0.29 mOsmol/kg), while BFU-E proliferation is enhanced at 
hypertonic levels (0.34 mOsmol/kg). 

Shear and Mixing Effects. Due to their anchorage-independent characteristics, 
hematopoietic cells of all lineages have been shown to grow exceedingly well in 
stirred culture systems (unlike fibroblasts and endothelial cells), potentially due to the 
elimination of diffusion and gradient limitations imposed by the static systems. In 
contrast, cellular sensitivity to shearing is most pronounced for hematopoietic cells, 
being able to withstand only about 30 revolutions per minute (Collins et al. 1998a). In 
addition, it is an accepted fact that stirring modulates the physical and metabolic 
characteristics of the culture, as changes in surface marker expression has been 
observed with such cultures (McDowell and Papoutsakis 1998). Interestingly, this 
provides yet an additional method for controlling the cell fate of cultures. 

Since we are interested in methodologies for large-scale production of 
stem/progenitor cells with lesser extent of differentiation, we initiated several studies 
that scrutinize the feasibility and the yields of combining Gamida Cell's ex vivo 
expansion technologies with technologies for large-scale production in bioreactors. In 
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this invention we demonstrate the novel combination of Gamida Cell's technologies 
to induce ex vivo expansion of stem/progenitor cells with bioreactor technologies to 
yield large quantities of less differentiated HSC, MSC or EPC. In a further 
embodiment of the invention we demonstrate that the ex vivo expansion of these cells 
with Gamida Cell's technologies may happen while incubated in a hydrogel scaffold 
either while in any kind of a bioreactor or when incubated in the patient or the animal 
model. 

Gamida Cells technologies to induce ex vivo expansion of stem or progenitor 
cells. In this invention we utilize Gamida Cell's unique technologies to induce ex vivo 
expansion of stem/progenitor cells with bioreactor technologies to yield larger 
quantities of less differentiated HSC, MSC or EPC. In brief the technologies involve 
copper chelation that allow proliferation while reducing the extent of differentiation of . 
the stem/progenitor cells involved (Peled et al. 2002 and patents # WOQQj.eSSSAl, 
WO9940783A1. ug700?oii4789Ai. US20020159981A1\ Gamida Cell technologies 
are summarized in Patents. Additional techniques reduce the expression and/or 
activity of CD38 (an membrane-bound NAD+ glycohydrolases enzyme involved in 
ADP-ribosyl cyclases synthesis) as explained in a continuation in part of U.S. Patent 
Application No. 09/986,897 (Peled T., EXPANSION OF RENEWABLE STEM 
CELL POPULATIONS). 

Results 

We will first show the synergistic nature of combining Gamida Cell's 
technologies with bioreactor technologies by demonstrating GC technologies in a 
static bioreactor, in our case, the Teflon gas permeable culture bags. As an example 
we will present ex vivo expansion of hematopoietic stem cells but the data for MSC or 
EPC is very similar. As copper chelation is the current leading technology of Gamida 
Cell (Peled et al. 2002) it's utilization with the different blood derived stem cells in 
different types of bioreactors would be evaluated first. The following experiment 
compares the outcome of ex vivo expansion of HSC in gas permeable culture bags 
with GC technology of copper chelation to those with Gamida Cell's technology. 

Copper chelation and ex vivo expansion of HSC in a gas permeable 
culture bag. Mononuclear cells (MNC) were collected from either bone marrow 
(BM), mobilized peripheral blood (MPB) or umbilical cord blood (UCB, as in figure 
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1) and Hematopoietic stem/progenitor cells are isolated by magnetic activated cell 
sorting (MACS technology, Milteny, Bergisch-Gladbach, GmbH) as explained in 
M&M. The HSC are then seeded in gas permeable culture bags at concentrations of 
lxlO 4 cells/ml in MEM-alpha with 10% Fetal Calf Serum (FCS) containing 50 ng/ml 
of the following cytokines: SCF, TPO, Flt-3, IL-6 and incubated for at least three 
weeks in a 5%CC>2 humidified incubator. The culture bags are divided to two groups 
while the first is supplemented with 5uM of GC's leading copper chelator 
tetraethylenepentamine (TEPA Aldrich, Milwaukee WI, USA) the other group is not. 
The culture bags are then fed once weekly with the same media components. Figure 
1A and B shows the fold expansion of subpopulations of HSC following three weeks 
of such culture. The two subpopulations CD34*/CD38*and CD34 + /lin are considered 
to represent the immature subpopulation of HSC, i.e., the subpopulation that has the 
major role in self-renewal and proliferation of the HSC. As can be concluded fiom 
Fig. 1A and IB incubation of the cells in the static bioreactor with 5uM TEPA 
dramatically increases the fold expansion of these immature subpopulation, indicating 
the higher long-term potential of this treatment Furthermore, Fig 1C shows that in a 
functional assay, Long Term Culture-Colony Forming Cell (LTC-CFC assay) co- 
incubation of HSC with 5uM TEPA increase their numbers by about one order of 
magnitude as compared to control (non-treated) cells. We will study further the 
synergism between GC different technologies (see M&M) and the static vessel and 
we will show them not only for HSC but also for MSC and EPCs. 

Consequently, we will show that the outcome of the combinations of GC 
technologies and the static bioreactor (culture bag) is further enhanced when the cells 
are cultivated within a hydrogel scaffold that was shown to have favorable conditions. 
We will study several hydrogels to find the best candidate for each type of stem or 
progenitor cells. Among the hydrogel to test would be alginate, fibronectin, laminin, 
. collagen, hyaluronic acid, Polyhydroxyalkanoate, poly 4 hydroxybutirate (P4HB) and 
polygluconic acid (PGA). See the materials and methods for partial list of hydrogels 
we want to test. We will test them not only for HSC but also for MSC and EPCs. In a 
further development of this issue we will transplant cells within the scaffolds into 
animal models and test their ability to serve as in vivo bioreactors. 

Another branch of the study will deal with non-static bioreactors: 
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We will first use spinner flasks and upon optimization we will show that this 
technology is synergistic to the said GC technologies. We will validate the proper 
media for the highest possible expansion of the stem cells and determine the 
conditions that will enable the expansion of these cells without animal sera. We will 
develop further our findings with spinner flasks (or bottles) that utilize hydrogels as i 
scaffolds that we found to be beneficial. 

Subsequently, we will use state of the art fully automated continuous-flow 
perfusion bioreactors that control almost every possible variable. We will look at each 
controllable variable and will see its effect on the ex vivo expansion of the stem cells 
and the effect of GC different technologies. We will validate the proper media for the 
highest possible expansion of the stem cells and determine the conditions that will 
enable the expansion of these cells without animal sera. We would like to show that 
the said technologies are synergistic and that the amount of fold expansion is higher 
with them. We will develop further our findings to utilize hydrogels as scaffolds for 
growth of the cells in such sophisticated perfusion bioreactor and will evaluate these 
scaffolds' abilities to increase the number of cells. Ultimately, we may want to study 
the possibility of utilizing the said technologies in 3D tissue culturing, especially with 
MSC that are known to differentiate to so many types of tissues (Pittenger et al. 
1999). 

Materials and Methods 

Cell source 

The cells in the present invention would be from one of the following sources: 

1. Hematopoietic stem cells (HSC) or progenitor cells (HPC) from either 
bone marrow (BM), G-CSF mobilized peripheral blood (MPB) or umbilical cord blood 
(UCB) 

2. Human Mesenchymal stem cells (hMSC) from either bone marrow 
(BM), G-CSF mobilized peripheral blood (MPB) or umbilical cord blood (UCB). 

3. Endothelial Progenitor Cells (EPC, Rafii and Lyden 2003) from either 
bone marrow (BM), G-CSF mobilized peripheral blood (MPB) or umbilical cord blood 
(UCB). 

Cell cultures of HSC or HPC. Cells will be obtained from UCB after a 
normal full-term delivery (informed consent was given), from PB, or BM donations. 
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UCB Samples will be collected and processed within 12 hours postpartum. Blood will 
be mixed with 3% Gelatin (Sigma, St Louis, MO) and be sedimented for 30 minutes 
to remove most RBC. The leukocyte-rich fraction will be harvested and layered on 
Ficoll-Hypaque gradient (1.077 g/mL; Sigma), and centrifuged at 400 g for 30 
minutes. The mononuclear cells in the interface layer will be then collected, washed 
three times, and resuspended in phosphate-buffered saline (PBS) (Biological 
Industries) containing 0.5% bovine serum albumin (BSA) (Fraction V; Sigma). To 
purify the CD34 + or CD133 + cells, the mononuclear cell fraction will be subjected to 
two cycles of immuno-magnetic separation using the ic MiniMACS CD34 or CD133 
progenitor cell isolation kit" (Miltenyi Biotec, Bergisch-Gladbach, GmbH), 
accordingly, following the manufacturer's recommendations. Purified CD34+ or 
CD133 + cells will be cultured in non tissue culture treated culture flasks at a 
concentration of lxlO 4 cells/ml in either MEMa/10% FCS (Biological Industries) 
containing the following human recombinant cytokines: Thrombopoietin (TPO), 
interleukin-6 (IL-6), FLT-3 ligand and stem cell factor (SCF), each at a final 
concentration of 50 ng/ml (PeproTech, Inc., Rocky Hill, NJ, USA) or serum-free 
medium (such as StemSpan; Stem Cell Technologies Inc., Vancouver, British 
Columbia, Canada, or X-VIVO 15 or 20, BioWhittaker Inc. Walkersville, MD or any 
other cGMP grade serum free media commercially available) containing 300 ng/ml of 
stem cell factor (SCF), 100 ng/ml of Thrombopoietin (TPO), 300 ng/ml of flt-3 ligand 
(FL), 100 ng/ml of IL-6, 20 ng/ml of LDL (Sigma-Aldrich). All cultures are incubated 
at 37°C in a humidified atmosphere of 5% C0 2 in air before utilization with the 
different bioreactors. 

Mesenchymal stem cells isolation and culture. Mesenchymal stem cell (MSC) 
cultures will be prepared as previous described by Pittenger et al. 1999 and Benayahu et 
al. (Shur et al. 2001; Shur et al. 2002). Cells collected from surgical aspirates of bone 
marrow, UCB or PB to prepare ex vivo culture will be plated at low-density (1.5xl0 4 
cells/cm 2 ) and cultured in growth medium containing Dulbecco's Modified Essential 
Medium (DMEM) with the addition of 10% heat-inactivated fetal calf serum (FCS) 
(Biological industries, Bet-Haemek, Israel). To generate large number of cells from the 
primary cultures, the cells will be trypsinized and single cell suspensions will be re- 
cultured for 7 days and grown up to 80% confluence and incubated at 37°C humidified 
atmosphere with 5%C02 for 3 days before the first medium change. The mesenchymal 
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population will be isolated based on its ability to adhere to the culture plate (Wakitam et 
al. 1995; Pereira et al. 1998; Sakai et al. 1999). Following the first medium change, 
subsequent changes will be done twice a week. At 90% confluence, the cells will be 
trypsinized (0.25% Trypsin-EDTA, Sigma) and will be passaged to 225 cm 2 flasks at 1:3 
ratios. These first passage MSCs will be used in all experiments. 

In order to assess the percentage of MSCs out of the total cells that will be 
transfused, we will use the polyclonal antibody to the MSCs surface antigen SB-10 
(ALCAM) (Santa Cruz Biotechnology, Bruder et al. 1998). 

Preparation of endothelial progenitor cells. BM, MPB and UCB derived 
endothelial progenitor cells (EPCs) will be prepared as described elsewhere 
(Kawamoto et al. 2003). CD31 (+) cells will be separated by a Miltenyi Biotec's 
magnetic cell separation technology (MACS) and suspended in X vivo-15 medium 
(Biowhittaker) supplemented with 1 ng/mL carrier-free human recombinant VEGF 
(R&D), 0.1 umol/L atorvastatin (Pfizer), and 20% human serum drawn from each 
individual patient. Cells will be seeded at a density of 6.4x10 s cells/mm2 at 
fibronectin-coated dishes (Roche). After 3 days of cultivation, cells will be detached 
with 0.5 mmol/L EDTA, will be washed twice and resuspended in a final volume of 
10 mL X vivo-10 medium. The resulting cell suspension contains a heterogeneous 
population of progenitor cells. 

Technologies to. induce ex v ivo expansion of stem or movenitor cells. 

Copper chelation Mainly 5-10 pM of the leading copper chelator 
tetraethylenepentamine (TEPA, -Aldrich, Milwaukee WI, USA) will be used 
according to cell type and bioreactor. 

Reduction of the expression and/or activity of CD38 By compounds and 
techniques as explained in a continuation in part of U.S. Patent Application No. 
09/986,897 (Peled T., EXPANSION OF RENEWABLE STEM CELL 

POPULATIONS). 

The polyamine chelators and regulators of expression and/or activity of CD38 
would be added to the culturing media within the feeding cycles. The indicated 
concentration of these low molecular weight compounds would be as presented by 
Gamida Cell in the different patent invention summaries covering these techniques for 
each type of cells. In general, molecules like TEPA would be utilized at the range of 
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2.5-25 pM (i.e., at concentrations within the same order of magnitude of their reported 
effect). The same formulation would be utilized for other molecules invented by 
Gamida Cell in order to ex vivo expand stem and progenitor cells. 

Bioreactors, 

Culture Teflon Bags. VueLife* FEP Teflon bags (American Fluotoseal 
Corporation, Gaithersburg, MD) will be used at volumes of 72 or 290 ml. Other gas 
permeable tissue culture bags (either made of FEP or other material/s can be easily 
used as well). When the Teflon bag is utilized the cells are incubated at 37°C in a 
humidified atmosphere of 5% C0 2 in air. 

Mecbano-electrlcal bioreactors. Several types of bioreactors that portray 
different patterns of fluid dynamics and vessel geometry to improve mass transport 
are used in this study. The mechano-electrical bioreactors can be anyone of the 
bioreactors previously used for the cultivation of HSC, MSC or EPC or other stem 
cells that are described in the scientific literature (Roller et al. 1993a; Roller et al. 
1993b; Zandstra et al. 1994; Roller et al. 1995; Collins et al. 1998a; Collins et al. 
1998b; Rogler et al. 1998; Mantalaris et al. 1998; Chabannon et al. 1999a; Nielsen 
1999; Leor et aL 2000; Banu et al. 2001; Mackin et al. 2001; Altaian et al. 2002; Dar 
et al. 2002; Mandalam and Smith 2002; Noll et al. 2002; Sen et al. 2002a; Sen et al. 
2002b; Wolff 2002; Jaroscak et al. 2003b) or are used in patents (such as in patents: 
US5728581, US5605822, WO9640876A1, WO02064755A2, US 5811301, 
WO9514078A1, WO02080995A1, WO974707, WO0046349, 

WO03004626Al,A2,A3, US6228635, WO0066712A3, WO0066712A2, US5985653, 
US5928945.US5843431, US5833979, US5824304, US5795790, US5776747, 
US5645043, US5635387, US5635386, W09521911A1, US5646043, US5437994, 
US5605822, US5635386, US5646043, US5670351, US6326198, US5674750, 
US5925567). 

We will briefly present common mechano-electrical bioreactors: The spinner 
flask (bottle) is the basic fluid-dynamic cultivation vessel we use. It is an agitated 
flask (bottle) usually running at 50 rpm (Carrier et al. 1999). The cell constructs (or 
suspension), in these vessels are subjected to turbulent mixed media that provides a 
well-mixed environment around the cells and thus rmmmize the stagnant layer at their 
surface. 
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In addition to spinner flasks more advanced perfusion bioreactots would be 
utilized. Basically the perfusion bioreactors" can be classified roughly into two 
groups based on their feeding procedure. While one type is fed continuously the other 
is fed in pulses. 

As examples of such perfusion bioreactors we will further present 
OPTICELL™ OPTICORE™ ceramic core S-51, S451 (flat surface area 23.8m J ), S- 
1251 (flat surface area 10.4m 2 ) or S- 7251 (Cellex Biosciences, Inc., Minneapolis; 
Minn.). These bioreactors are initially sterilely perfused, preferably for 1-3 days, with 
sterile deionized water to remove any toxic substances adhering to the core. 
Thereafter, the core is perfused for a brief period (less than 24 hours) with sterile 25% 
(w/v) human serum albumin in order to coat the core with protein. The bioreactor core 
is next perfused for 4-24 hours with a sterile solution of an anticoagulant, preferably 
heparin sulfate, 100 U/mL 65 (Upjohn Co.) as a source of glycosaminoglycan and to 
prevent cell clumping during HSC inoculation. Following this preparation, the core is 
conditioned by perfusing it with sterile human HSC medium (see Cell culture of 
HSC above), preferably for about 24 hours, prior to inoculating the bioreactor with 
HSC. 

Bioreactor Culture System 

The culture system consists of a variable number of bioreactors connected to 
the medium source by sterile plastic tubing. The medium is circulated through the 
bioreactor with the aid of a roller or centrifugal pump (e.g., KOBETM) or a peristaltic 
pump. Probes to measure pH,.p0 2 and pCOj as well as shear stress and temperature 
are located in line at points immediately before and following the bioreactors). 
Information from these sensors is monitored electronically. In addition, there is a 
mean of obtaining serial samples of the growth medium in order to monitor glucose, 
electrolytes, cytokines and growth factors and nutrient concentrations. Activities of 
cytokines and growth factors are measured by conventional bioassays (e.g., colony 
forming assays or dependent cell line growth assays) or conventional immunoassays. 
Large scale production of hematopoietic Stem Cells. MSC or EPCs. 
A number of HSCs/MSCs/EPCs appropriate to the size of the bioreactor, at a 
concentration of about lxlO^xlO 7 cells/mL, are mixed with an equal volume of 
serum containing/free media and injected into the bioreactor. In case of MSCs/EPCs 
circulation of the growth medium is interrupted for a period of about 1-4 hours in 
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order to permit the cells to attach to the surface of the bioreactor core or capillaries 
with HSC there is no need for such a protocol. Thereafter, the circulator pump is 
engaged and the growth medium pumped through the system at an initial rate 
determined by the size of the reactor; a typical rate is about 24 mL/min. Gas exchange 
occurs via silicone tubes (surface area=0.5 m 2 ) within a stainless steel shell, or by a 
conventional membrane oxygenator. Polarographic 0 2 and CO2 probes and 
autoclavable pH electrodes monitor 0 2 and CO2 tensions and pH continuously, 
respectively. Flow rates are adjusted so as to maintain an optimal O2 tension (a partial 
pressure of at least about 30-50mm of Hg) and optimal physiologic pH (7.30-7.45). 
Low oxygen concentration (hypoxia) was recently found to favor renewal and 
proliferation of hematopoietic stem cells (Danet et al. 2003). 

When an appropriate number of cells are obtained, as determined by oxygen 
utilization of the system, a second bioreactor may be connected to the system, and cells 
fed directly into mis second bioreactor. Thereafter, the second bioreactor is flushed 
with fresh growth medium and maintained for up-to 5 weeks for cultivation of the 
desired hematopoietic components. 

Scaffolds and Hvdrozels. 

For cells to survive well and proliferate within a scaffold an aqueous 
environment should be maintained. Such an environment is achieved in polymers 
(mainly polypeptides, polysaccharides or a combination of the two) that form 
hydrogels. Several types of hydrogels that portray different characteristics such as 
porosity, cell-hydrogel interactions and degradation properties are used in this study. 
The hydrogels and other scaffolds may be used for: A. to support 3D structures within 
the bioreactors and by that providing the cells with better expanding conditions. B. As 
an encapsulated survival environment for cells to be transplanted in vivo into animal 
models and later into patients. In the latter scenario the scaffold can be regarded as a 
bioreactor or the incubating vehicle within the bioreactor (the whole animal). Roughly, 
the scaffolds used for ex vivo expansion of cells and for tissue engineering can be 
divided into two groups: Synthetic polymers and Natural polymers. Synthetic polymers 
provide a precise control of physical properties such as molecular weight, 3D structure, 
degradation time, mechanical strength and flexibility and hydrophobicity. As said the 
invention can utilize any given hydrogel as long it is suitable for the survival of cells. 
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Among these hydrogels are many types of Synthetic polymers uke 
Polyhydroxyalkanoate, poly 4 hydroxybutirate (P4HB), polygluconic acid (PGA), poly 
lactate (PLA) and other comhinations of these polyesters or other synthetic hydrogels 
that are summarized in table IB page 63 in Hoffinan 2001. These hydrogels are 
reported in scientific literature (e.g., Kogler et al. 1998; Robinson et al. 1999; Williams 
et al. 1999; Sodian et al. 2000; Cascone et al. 2001; Hoffinan 2001; Low et al. 2001; 
Papadaki 2001; Christensen et al. 2002; Griffith and Naughton 2002; Noll et al. 2002; 
Risbud and Sittinger 2002; Sen et al. 2002a; Sodian et al. 2002; Abukawa et al. 2003) 
or in Patents (e.g., US6585994, US6555123, US20030072784A1, US6514515, 
US66495152, WO0119422A1, WO0216627A2A3, WO01 19361 A2.A3, US6129761, 
US6040493, WO02081662A1, US6179862, US6165201, US5964745, US5855610, 
US5741685, US5709854). Other hydrogels, the natural occurring polymers, mainly 
fibrin based, alginate, collagen, fibronectin, agarose, pullulan, dextran sulfate, 
hyaluronic acid and other natural hydrogels are summarized in table 1A page 63 in 
Hoffinan 2001. These hydrogels are reported in scientific literature (e.g., Shapiro and 
Cohen 1997; Tock et al. 1998; Robinson et al. 1999; Cohen et al. 2000; Leor et al. 
2000; Cassell et al. 2001; Currie et al. 2001; Hildebrand et al. 2001; Hoffman 2001; 
Robinson et al. 2001; Arts et al. 2002; Dar et al. 2002; Geer et al. 2002; Grassl et al. 
2002; Haisch et al. 2002; Huang et al. 2002; Manosroi et al. 2002; Spitzer et al. 2002; 
Wechselberger et al. 2002; Borges et al. 2003; Groger et al. 2003; Hojo et al. 2003; 
Karp et al. 2003; Neovius and Kratz 2003) or in Patents (e.g., US6461325, 
US6074663, US6548729, WO02089868A1, WO02070795A1, WO0185225A2.A3, 
WO9915209A2, US6506365, EP1061931A2, US5716645, W09525748A1, 
US6281341, US5976780, US5578314, US6451060, US6423312, US6264701, 
US6197061, US5981825, US6425918, US6334968, US5876742, US5709854, 
US6365385, US6348069, US5855610, WO02080995A1, WO0239948A2,A3, 
, WO0102030A2.A3, US6517872, US20030078672A1, US65860U, US6425918, 
US6334968, WQ9965463A1, EP0901384A1, WO9744070A1). 
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It is appreciated that certain features of the invention, which are, for clarity, 
described in the context of separate embodiments, may also be provided in 
combination in a single embodiment. Conversely, various features of the invention, 
which are, for brevity, described in the context of a single embodiment, may also be 
provided separately or in any suitable subcombination. 

Although the invention has been described in conjunction with specific 
embodiments thereof; it is evident that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all 
such alternatives, modifications and variations that fell within the spirit and broad 
scope of the appended claims. All publications, patents and patent applications 
mentioned in this specification are herein incorporated in their entirety by reference 
into the specification, to the same extent as if each individual publication, patent or 
patent application was specifically and individually indicated to be incorporated herein 
by reference. In addition, citation or identification of any reference in this application 
shall not be construed as an admission that such reference is available as prior art to 
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I. Methods for ex-vivo or in-vivo expanding stem and/or progenitor cells 
essentially as described and exemplified herein. 
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Figure 1 Copper chelation by 5 pM TEPA tremendously increases the proportional 
portion of immature HSC (CD34+/CD38' and CD34 + /lin cells) as compared to 
control conditions. These immature subpopulations are indicative of the long term 
potential of the culture and thus provide a good representation of the ex vivo 
expansion of the culture. See the text for further details. 
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